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Mr. W. H. Preece on the Electric Ligltt. 29 
which is within the limits o~ the quantities obtained in the 
case of the spheroidal drops on liquids. 
That by this formula K varies nearly as Q, and not as Q2, 
is not to be wondered at, because in the first place the for- 
muIa only professes to represent an approximation to the true 
state of affairs, and in the second place it is only at distances 
and pressures at which the ordinary laws of conduction of heat 
cease to apply that it professes even approximately to repre- 
sent it. 
The whole of these investigations are unsatisfactory to this 
extent--that I have been unable, from a consideration of the 
molecular encounters themselves, to discover what is the actual 
distribution of velocities even in the simple case of two parallel 
surfaces. This is hardly to be wondered at; for the problem 
is extremely complicated, and evidently depends upon the 
undecided point in molecular physics, namely the proportion 
of the molecules encountering in a given direction that are 
thrown off in the various other directions. We might very 
well assume, with Maxwell, that they are uniformly distributed 
in every direction after the encounter ; but even this does not 
simplify the question sufficiently to bring it within mypresent 
powers of solution. 
III. The Electric Ligl#. By W. ~]:. PREECE, Memb. Inst. 
C.E., V._P. Soc. T.ff,., .Electrician General Post-O~ce, ~'e.* 
1. f in i tE theory of the electric light cannot be brought abso- 
_It. lutely within the domain of quantitative mathematics, 
for the reason that we do not yet know the exact relation that 
exists between the production of heat and the emission of light 
with a given current ; but we know sumcient to predicate that 
what is true for the production of heat is equally true for the 
production of light beyond certain limits. 
The work done in a battery, or any source of current-elec- 
tricity, is expended outside the batter 7 in a closed circuit in 
the form of heat. When this heat acquires a certain tempe- 
rature per unit mass, we have light. If' the heat be confined 
to a mass of metal wire like platinum, we have light by in- 
candescence ; if it be expended in the transference of minute 
particles of incandescent matter like carbon across an air-space, 
we have the electric arc. The exact relations between current, 
heat, temperature, mass~ and light have yet to be determined 
by experiment. 
2. The arc is thus a form of energy developed in one point 
* Communicated bythe Author. 
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30 mr. W. 1~. Preece on the Electric Light. 
of a circuit, which is the exact equivalent of another form of
energy expended in another point of the circuit. Thus, if we 
produce light by a galvanic battery, it is the equivalent of 
chemical work done in the battery. If  it be produced by a 
dynamo-machine driven by a steam-engine, it is the equiva- 
lent of coal consumed in the furnace. The object o be at- 
tained in any economical utilization of this energy is to con- 
vert the greatest possible portion of it into light. 
3. Now the relations that exist between the work done, the 
current flowing, the resistances present~ and the heat deve- 
loped are easily demonstrated. The work done (W) in any 
circuit varies directly with the electromotive force (E) in that 
circuit, and with the quantity of electricity (Q) that passes 
through it, or 
W=EQ;  
but by Ohm's law the electromotive force is equal to the pro- 
duct of the resistance (R) of the circuit into the current (C) 
flowing, or 
E=CR;  
and by Faraday's law the quantity of electricity passing de- 
pends upon the strength of current (C) and the time it flows 
(t), or 
Q=Ct. 
Therefore, substituting these two values in the above equation, 
we get 
W=C2Rt; 
in which we have what is known as Joule's law, which gives 
us the work done (W), or its equivalent, he heat generated 
(H) in any.circuit. By regarding the time as constant, we 
can put the equation 
H=C~R . . . . . . . .  (1) 
4. Now let us take the case of a battery whose electromo- 
tive force is E and whose internal resistance is p. Let the 
resistance of the connecting wires be r. Let us also have a 
particular esistance l, which may be a wire to be heated to 
incandescenc% or a lmpp to be lit by the arc ; then by Joule's 
law (1) ,  
H=C~(p+r+/ ) ;  
but by Ohm's law, 
E 
C = P + r----~-i' 
E 2 
p+r+l  
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5. Confining our attention for the present o the heat gene- 
rated (H), this will be distributed throughout the circuit ; and 
~hat in the resistance (l) will be 
l E~l 
p+r l- . . . . .  
l~ow if we suppose n resistances in circuit joined up in series, 
then the total heat generated will he 
E2nl 
H '= (p + r + nO ~ . . . . . .  (3) 
I f  we differentiate his fraction with respect to nl and put it 
equal to nothing, we can find when the heat generated in 
these resistances becomes amaximum ; that is, 
dHI 1 
dn--1 = (p + r + nO 4 [(p + r + nl)~E ~-  2E2nl(p + r + nO] = O, 
whence 
p+r+nl=2n l  ;
that is~ 
p+r=nl  ; 
or t]~e greatest ]~eat is generated in t]~e ~esistances wl~en t]~evalue 
of the latter equals tl~e resistances of tl~e rest of tl~e circuit. 
6. Let us now assume the n resistances to beconnected up 
l 
in multiple arc ; then the joint resistance will become n' and 
the heat generated will be 
] : [  ,,, = .  _. n 
and the maximum amount of heat will occur, as before, when 
1 
p+r= - "  
n 
7. :New, in the first case, if the internal resistance of the 
battery and of the connecting wires be very small compared 
with nl, we may neglee~ them ; so that by putting p +r=0,  
equation (3) becomes 
H'= 
nl ' 
or t]te total amount of ]~eat tTenerated in t]w resistances will vary 
inversely as t]te number of the latter in circuit. 
8. In the second cas% we cannot neglect p + r; for here the 
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32 Mr. W. E. Preeee on the Electric Light. 
greater we make n, ~he smaller -/becomes with respect to p + r; 
n 
so that if eventually - l becomes very small~ we may neglect it 
n 
in the denominator fthe fraction. Then 
E2 / 
n E~l 
~- I / !  - -  _ _  - (p  + = , , ( - -74V)  ; . . . .  (5 )  
so that in this case also t]te total ]teat generated in the resistances 
will varj inversely as the number of the latter in circuit. 
9. Now it must be observed that in each of these cases the 
total heat is distributed over n resistances ; and therefore, as 
compared with one resistance~ the heat generated in each is 
1 
only ~ of that generated in one. So that, joined up either in 
series or in multiple ar G the ]teat generated in each of a number 
of resistances varies inverselj as the square of their number. 
10. With respect to the light emitted, if the amount of heat 
generated represented exactly the amount of light emitted, 
then the above equations would indicate the effects produced 
by multiplying the lights or subdividing the current when a 
constant battery is employed. But this is not so. The light 
obtained is not proportional to the heat generated. Below a 
certain limit the production of heat is not accompanied by 
light at all. In the case of incandescence, if the heat be dis- 
tributed over two wires instead of one, inasmuch as the mass 
to be heated in the one case is double that in the other, the 
actual temperature o which each of the wires will be heated 
will be only one quarter of that obtained with one wire, and 
the total light emitted will be half what it was before. In 
the case of the are a similar result probably takes place : the 
incandescent matter, which is heated by the current and which 
gives out the light, is increased by the addition of each lamp, 
and therefore diminishes the actual temperature of each arc, 
and consequently diminishes the light given out in direct pro- 
portion to the number of lights. 
11. l~Ioreover, in the arc the actual disintegration of the 
carbons and the transference of matter across the air-space, 
represent an amount of work done which must be deducted 
from that converted into heat, and which again tends to dimi- 
nish the amount of light emitted. If, therefore, the lamps be 
joined up in series or in multiple arc~ the light emitted by each 
lamp will vary inversely in a greater atio than the square of 
the number in circuit. 
12. We have assumed E to be constant; but if the current 
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Mr. W. H. Preece on the Electric Light. 33 
be produced by a magneto- or dynamo-machine worked by a 
steam-engine consuming a given amount of coal per unit time, 
:E is no longer constant, for it varies with the resistances in
the circuit. The constant in this case is the work done in the 
steam-engine in unit time. Calling this W1, the total heat 
generated in the circuit when the lamps are joined up in series 
will be 
H 1 = W 1 X nl p+v+nl;  . . . . . .  (6) 
and since the light varies inversely as n (§ 10), the light 
emitted 
nl 
L~=Wl× n(p+~+~/)  ; . . . . .  (7) 
and when joined up in multiple arc, 
1 
L~=Wl  x n . . . . .  (S) 
Or by putting p+r=O in equation (7), and/ -=0 in the de- 
n 
nominator of equation (8), we get 
L, = W1 
n 
and 
Wll 
L~ = (p + r)n. ~ 
So that beyond certain limits, wheu the current is produced 
by a dynamo-machine, if n lamps be joined up in series, the 
total light becomes diminished by ~, and the light emitted by 
1 each lamp becomes diminished by ~. 
If they are joined up in multiple arc, the total ight is dimi- 
_1. 
nished by ~,  and the light emit~d by each lamp I u  the 
latter case the rapid diminution in the light emitted is due to 
the fact that the heat is developed in the machine itself instead 
of in the resistances xternal to it. 
13. We have assumed W1 to be constant ; but this is only 
the case when a certain limit is reached, and when tile velocity 
of the rotating coils in the dynamo-machine has attained a
-Phil. IrTag. S. 5. Vol. 7. ~To. 40. Jan. 1879. D 
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34 Prof. It. F. Weber on the Inductions 
maximum. This limit will vary with each dynamo-machine and 
each kind of lamp used. With the Wallace-Farmer machine the 
limit appears to be reached when six lamps are connected up 
in series. With the Gramme alternating machine and Jabloch- 
koff candles the limit appears to be five lamps. Beyond 
these limits the above laws will be true. It is this partial suc- 
cess in multiplying the light that has led so many sanguine 
experimenters to anticipate the ultimate possibility of its ex- 
tensive subdivision--a possibility which this. demonstration 
,hows to be hopeless, and which experiment has proved to be 
fallacious*. 
IV.  On the Inductions that occur in the Telephone. By  Pro- 
fessor H. F. W~B]~Rt. (Communicated to the Zi~richer 
naturforschenden Gesellschaft~ at the Meeting of July 1~ 
1878:~.) 
M.  DUBOIS-REY)~OND has given, is h,i~ "Contribution 
to the Knowledge of the Telephone the following 
theory of the inductions that take place in the telephone:-  
The periodical variations of the electromagnetic potential P
of the magnetic masses in the telephone in relation to the path 
of the current may, in the first approximation~ be supposed 
proportional to the outbendings of the iron membrane. I f  
the exciting membrane executes vibrations of the form 
ZA~sin (2~rnmt), then the periodical variations of the electro- 
magnetic potential are given by the expression 
P- -  P0 = EB,~ sin (27rnmt), 
where P0 denotes the value of P corresponding to the position 
of equilibrium of the membrane. M. Dubois-Reymond neg- 
lects the induction of the current-path upon itself as unessen- 
tial~ and sets forth as the really active electromotive force only 
* Vfde Fontaine's ~Electric Lighting,' chapter xi. 
J- Translated fr(;m a separate impression~ communicated by the Author s 
from the Fierteljahrsschrift der Ziiricher ~iatu~forsehenden Gesellschaft. 
:~ Ten days later, on the llth July, 1878, M. Helmholtz transmitted o 
the Berlin Akademie der Wissenschaften a memoir in which he handled 
the same subject in he saIhe manner. That already on the ] st July I had 
made known the contents of the present memoir is evidenced, inter alia~ 
by the following, added by M. Hermann to his last paper in the A nalen 
tier 1)hysik and Chenffe, new series~ vol. v. p. 91, onthe 2nd of July:-- 
Cg ~ T Profes=or F . V~ eber, of Zurich, has succeeded in showing that the rela- 
tion found by me is in harmony with the law of inductionj and that the 
latter has been wrongly applied in the theory which I ave controvel~ed. 
}te wlU shortly make a communication on his matter." 
§ ArcMvfiir Physlologie~ 1877~ pp. 573~ 582. 
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